





































RI8QHPSOR\PHQW IRU WKH HXUR DUHD DQG DVVHVVHV WKH XVHIXOQHVV RI GLIIHUHQW
PHWKRGRORJLHVGHYHORSHGLQWKHOLWHUDWXUHWRHVWLPDWHWKLVXQREVHUYDEOHYDULDEOHDWWKH
DJJUHJDWHOHYHO
$IWHU UHYLHZLQJ WKH WKHRUHWLFDO IUDPHZRUN XQGHUO\LQJ WKH PRVW FRPPRQ HVWLPDWLRQ
DSSURDFKHVLWSUHVHQWVVHYHUDOHVWLPDWHVRIWKHDUHDZLGH1$,58EDVHGRQDQXPEHURI












,QIODWLRQ5DWHRI8QHPSOR\PHQW LQ WKH HXUR DUHD DQG DVVHVVLQJ WKH XVHIXOQHVV RI
GLIIHUHQWPHWKRGRORJLHVGHYHORSHGLQWKHOLWHUDWXUHWRHVWLPDWHWKLVXQREVHUYDEOHYDULDEOH
DWWKHZKROHDUHDOHYHO,QWKHFRQWH[WRIWKHPRGHOVDQDO\VHGWKHJDSEHWZHHQFXUUHQW
















WKH LQVWLWXWLRQDO FKDUDFWHULVWLFV WKH VSHFLILFLW\ RI WKH VKRFNV WKDW DIIHFW WKHP DQG WKH
JHQHUDOXQDYDLODELOLW\RIVWUXFWXUDOLQIRUPDWLRQDWWKHHXURDUHDOHYHO5DWKHUWKLVZRUN
IRFXVHVH[SOLFLWO\RQWKHPHWKRGRORJLFDOLVVXHRIWKHSRWHQWLDOXVHIXOQHVVRIDJJUHJDWH
1$,58 PHDVXUHV REWDLQHG ZLWK GLIIHUHQW HPSLULFDO WHFKQLTXHV EDVHG RQ WLPH VHULHV
DQDO\VLV,QSDUWLFXODUWKHWHFKQLTXHVFRQVLGHUHGKHUHDUHWKRVHZKLFKDUHRIWHQODEHOOHG












LQ HFRQRPLF VWUXFWXUH DQG SRWHQWLDO QRQOLQHDULWLHV LQ QDWLRQDO 3KLOOLSV FXUYHV ZRXOG
VXJJHVWDJJUHJDWLQJFRXQWU\EDVHGHVWLPDWHV 2Q WKH RWKHU KDQG WKH 3KLOOLSV FXUYH LV
FHUWDLQO\DPRUHUHOHYDQWFRQFHSWLQDODUJHFORVHGHFRQRP\VXFKDVWKHHXURDUHDDVD
ZKROH7KHDUHDZLGHDSSURDFKKDVDQXPEHURIDGYDQWDJHVLQFOXGLQJVLPSOLFLW\GLUHFWO\
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DUH LQGHSHQGHQW IURP QRPLQDO IDFWRUV DQG WKXV GR QRW GHSHQG RQ WKH ILQDO OHYHO RI
LQIODWLRQ7KHILUVWFRQGLWLRQFDQEHGHVFULEHGE\


















WKLV SDSHU VRPH HPSLULFDO H[HUFLVHV ZLOO DOVR EH EDVHG RQ SULFHZDJH HTXDWLRQV LH
HTXDWLRQV LPSOLFLWO\ PHDVXULQJ WKH UHDO ZDJH QRW FRUUHFWHG IRU ODERXU DXJPHQWLQJ









EDVHG RQ PLFURHFRQRPLF IRXQGDWLRQV VHH *RRGIULHQG DQG .LQJ  IRU D JRRG
RYHUYLHZ7KHDSSURDFKLQLWLDWHVLQDIUDPHZRUNUHODWHGWRLQZKLFKLQIODWLRQLV

































































HDVLHU WR LPSOHPHQW WKDQ VWUXFWXUDO RQHV VLQFH WKH\ GR QRW DWWHPSW DW GHWDLOHG
VSHFLILFDWLRQDQGDQDO\VLVRIWKHXQGHUO\LQJEHKDYLRXURIHFRQRPLFDJHQWV
￿7KH\FDQLQ
SULQFLSOH SURYLGH XVHIXO WRROV IRU GHULYLQJ SUHGLFWLRQV RI LQIODWLRQDU\ SUHVVXUHV
GHYHORSLQJPHDVXUHVRIXQFHUWDLQW\VXUURXQGLQJWKH1$,58HVWLPDWHVLQYHVWLJDWLQJWKH



















$OWKRXJK TXLWH HDV\ WR LPSOHPHQW DQG XVHIXO IRU REWDLQLQJ XSGDWHG PHDVXUHV WKH
XQLYDULDWHDSSURDFKKDVDIHZGUDZEDFNV7KHPRVWUHOHYDQWLVWKDWLWLV³DWKHRUHWLFDO´LQ




UHVXOWV DUH H[WUHPHO\ VHQVLWLYH WR DUELWUDU\ FKRLFHV FRQFHUQLQJ IRU H[DPSOH WKH
VPRRWKLQJSDUDPHWHULQWKHFDVHRIWKH+3ILOWHURUWKHUHVWULFWLRQVLPSRVHGRQWKHWLPH
SURILOHRIWKHWUHQGFRPSRQHQWLQWKHFDVHRIWKH8&PRGHO/DVWEXWQRWOHDVWPRVWRI




SURYHV HPSLULFDOO\ TXLWH KHOSIXO LQ RUGHU WR JHW D OHVV DUELWUDU\ GHFRPSRVLWLRQ RI
XQHPSOR\PHQW LQWR WKH 1$,58 DQG WKH F\FOLFDO FRPSRQHQW 7KH QDWXUDO UDWH WKHRU\
SRVWXODWHVDFDXVDOUHODWLRQVKLSEHWZHHQLQIODWLRQDQGWKHWLJKWQHVVRIWKHODERXUPDUNHW
ZKLFKFDQEHH[SUHVVHGDVDJHQHUDOLVHGH[SHFWDWLRQDXJPHQWHG3KLOOLSVFXUYH




















IRUPXODWLRQVLVWKHUDQGRPZDONPRGHO ￿ - D = D W
H




HVWLPDWLRQRIDPRGHORIWKHIRUP ￿   - D + = D W
H
W S / ' S d RUWKHXVHRIGDWDIURPVXUYH\V
6WDLJHUHWDO)DELDQLHWDO
7KH EDFNZDUGORRNLQJ K\SRWKHVLV IRU LQIODWLRQDU\ H[SHFWDWLRQV DOORZV UHZULWLQJ WKH
3KLOOLSVFXUYHDV















OHVV VORZO\ SXUH K\VWHUHVLV LPSOLHV WKDW D ORQJUXQ YDOXH IRU WKH 1$,58 FDQQRW EH
LGHQWLILHG ,Q WKLV FDVH WKH XQHPSOR\PHQW JDS HQWHUV WKH 3KLOOLSV FXUYH RQO\ LQ ILUVW
GLIIHUHQFHV DQG QRW LQ OHYHOV ,Q WHUPV RI WKH WLPH VHULHV SURSHUWLHV RI REVHUYHG
XQHPSOR\PHQWWKLVHQWDLOVWKHSUHVHQFHRIDXQLWURRWLQWKHSURFHVV
￿￿



























DUH DOORZHG WR HQWHU FRQWHPSRUDQHRXVO\ LQ *RUGRQ  XQHPSOR\PHQW HQWHUV
FRQWHPSRUDQHRXVO\









LV FRQVLVWHQW ZLWK VWDEOH LQIODWLRQ LQ WKHLU DEVHQFH $V *RUGRQ  DUJXHV D
WDNHLQWRDFFRXQWWKH SRVVLELOLW\ WKDW VRPH ODUJH VKRFNV FKDQJH WKH SDUDPHWHUV RI WKH 3KLOOLSV FXUYH
%LDQFKLDQG=RHJDDGRSWD0DUNRYVZLWFKLQJUHJUHVVLRQPRGHOWRLGHQWLI\WKHGDWHVRILQIUHTXHQW
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W W W W ] X / S / $ e g b + + Q + = D -￿     
ZKHUH
* Q - = X    b  ,Q WKH DEVHQFH RI VXSSO\ VKRFNV WKH 1$,58 LV GHULYHG DV
   Ö  Ö Ö Q - =
* b X 
7LPHYDU\LQJ1$,58(OPHVNRYPHWKRG
$PHWKRGWKDWDOWKRXJKEDVHGRQD3KLOOLSVFXUYHW\SHUHODWLRQVKLSGRHVQRWUHO\RQWKHD







XVHG LQ WKH SURFHVV
￿￿ 7KH 1$,58 LV FRPSXWHG RQ WKH EDVLV RI D VLPSOLILHG
³DFFHOHUDWLRQLVW´YHUVLRQRIHTXDWLRQ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￿ l = 
ZKHUH    ￿ QW W W ) ) ) = LVDVHWRIGXPP\YDULDEOHVVXFKWKDW L L LW W W W )  < = -￿  LI   DQG
 = LW ) RWKHUZLVH7KH3KLOOLSVFXUYHHTXDWLRQLVUHIRUPXODWHGDV
W W W W W ] ) X / S / $ e g l + + + Q = D
































7KH PRVW FRPPRQO\ DGRSWHG PRGHO IRU UHSUHVHQWLQJ WKH 1$,58 LV D UDQGRP ZDON
SURFHVV















DQGgDQGWKHWZRYDULDQFHV    DQG  h e s s FDQEHREWDLQHGE\PD[LPXPOLNHOLKRRGXQGHU
WKHDVVXPSWLRQWKDWWKHWZRHUURUWHUPVDUHXQFRUUHODWHG
$OWHUQDWLYHO\ WKH GHYLDWLRQ RI WKH REVHUYHG XQHPSOR\PHQW UDWH IURP WKH 1$,58 LV
DVVXPHGWRIROORZDQDXWRUHJUHVVLYHSURFHVV$SHODQG-DQVVRQ5DVLDQG9LLNDUL





























































8QLYDULDWH ILOWHULQJ WHFKQLTXHV DOWKRXJK TXLWH HDV\ WR LPSOHPHQW GR QRW XVH DQ\
LQIRUPDWLRQRWKHUWKDQWKHVWDWLVWLFDOSURSHUWLHVRIXQHPSOR\PHQWDQGPDNHQRUHIHUHQFH
WR WKH LQIODWLRQDU\ SURFHVV ZKLFK KDV D SULPDU\ UROH LQ WKH FRQFHSWXDO GHILQLWLRQ RI
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2EVHUYHG￿XQHPSOR\PHQW +3￿ILOWHU %D[WHU￿ILOWHU








7KH DQDO\VLV SUHVHQWHG KHUH DGGUHVVHV WKH LVVXH RI HVWLPDWLQJ WKH 1$,58 XVLQJ WKH
DYDLODEOHLQIRUPDWLRQRQSULFHZDJHSURGXFWLYLW\DQGXQHPSOR\PHQWGHYHORSPHQWVLQ
WKHHXURDUHD7KHEDVLFIUDPHZRUNLVWKHVLPSOH3KLOOLSVFXUYHDOUHDG\GHVFULEHGLQWKH
SUHYLRXV VHFWLRQ ZKLFK FDSWXUHV D GLVHTXLOLEULXP DGMXVWPHQW PHFKDQLVP LQIODWLRQ
GHSHQGV RQ LWV SDVW YDOXHV RQ WKH WLJKWQHVV RI WKH ODERXU PDUNHW DQG RWKHU IDFWRUV
SRWHQWLDOO\DIIHFWLQJLWVUHVSRQVHWRGHPDQGSUHVVXUHV








LPSURYHPHQW LQ WKH VWDWLVWLFDO ILW RI WKH 3KLOOLSV FXUYH GXH WR WKH LQFUHDVH LQ l KRZHYHU LV DOPRVW
QHJOLJLEOHDQGWKHUHVXOWVRIVXFKDQH[SHULPHQWDUHQRWSUHVHQWHGKHUH (&%:RUNLQJ3DSHU1R0DUFK













































FKRVHQ DV GHSHQGHQW YDULDEOH RWKHU H[SODQDWRU\ IDFWRUV WKH LPSRUW GHIODWRU ZKHQ
LQIODWLRQLVPHDVXUHGE\WKHFKDQJHLQFRQVXPSWLRQGHIODWRUDQGXQLWODERXUFRVWVZKHQLW
LV WKH FKDQJH LQ *'3 GHIODWRU (DFK UHJUHVVLRQ LQFOXGHV IRXU ODJV RI WKH LQIODWLRQ
LQGLFDWRU FRQWHPSRUDQHRXV DQG ODJJHG IRXU ODJV YDOXHV RI XQHPSOR\PHQW DQG IRXU










GHSHQGHQWYDULDEOH ￿ 5   Q(1)  VH 1$,58VH FRQILGHQFHLQWHUYDO
FRQVXPSWLRQGHIODWRU    
*'3GHIODWRU    
XOF
JURZWK    
2YHUDOO WKH ILW RI WKH HTXDWLRQV ZKDWHYHU WKH LQGLFDWRU PRGHOOHG LV TXLWH KLJK 7KH
LPSOLHGXQHPSOR\PHQWUDWHFRQVLVWHQWZLWKVWDEOHLQIODWLRQRYHUWKHSHULRGLVLQWKHUDQJH
RI  ±  SHU FHQW 7KH HVWLPDWHV VKRZ D VWURQJ VLPLODULW\ DFURVV WKH WKUHH
￿￿ 7KHGHOWDPHWKRGLVDWHFKQLTXHIRUFRQVWUXFWLQJDV\PSWRWLFVWDQGDUGHUURUVIRUIXQFWLRQVRIHVWLPDWHG
SDUDPHWHUV6XSSRVHWKDW ￿ ￿q ) ) = LVDIXQFWLRQRIWKHSDUDPHWHUVq RIWKHPRGHODQGDVVXPHLWLVILUVW
RUGHUGLIIHUHQWLDEOH7KHHVWLPDWHRI)DQGLWVFRUUHVSRQGLQJYDULDQFHPDWUL[FDQLVFRPSXWHGDFFRUGLQJWR
WKHIRUPXODH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ZKHUH q Ö LVWKHPD[LPXPOLNHOLKRRGHVWLPDWHRIWKHSDUDPHWHUVDQG ￿ ￿ ￿ ￿ q 9 DFRQVLVWHQWHVWLPDWRURILWV
YDULDQFH PDWUL[ 6HH DOVR 5DR  $ SRWHQWLDO GUDZEDFN RI WKLV PHWKRG OLHV LQ WKH IDFW WKDW LW
DSSUR[LPDWHVWKHGLVWULEXWLRQRI WKH HVWLPDWHG 1$,58 ZKLFK LV D UDWLR RI FRHIILFLHQWV E\ D QRUPDO
GLVWULEXWLRQ (&%:RUNLQJ3DSHU1R0DUFK













WKH QXOO K\SRWKHVLV RI FRQVWDQW SDUDPHWHUV DJDLQVW WKH DOWHUQDWLYH WKDW WKH\ IROORZ D









LQ WKH ¶V $Q LQWHUHVWLQJ SLHFH RI HYLGHQFH KDV EHHQ GHULYHG IURP WKH UHFXUVLYH
HVWLPDWHVRIWKH1$,58OHYHOLPSOLFLWLQWKHSDUDPHWHUVRIWKH3KLOOLSVFXUYHVKRZQLQ
)LJXUH  ,I RQH QHJOHFWV WKH LQLWLDO \HDUV ZKLFK UHIOHFW WKH OLPLWHG QXPEHU RI
REVHUYDWLRQVRQZKLFKWKHUHFXUVLYHHVWLPDWHVDUHFRQVWUXFWHGWKUHHHOHPHQWVHPHUJH
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LQIODWLRQ DQG XQHPSOR\PHQW QRU DGGLWLRQDO IDFWRUV 7KH 1$,58 HVWLPDWH IRU D JLYHQ
SHULRGKDVEHHQGHULYHGIURPXQHPSOR\PHQWDQGWKHFKDQJHLQLQIODWLRQZDJHRUSULFH
LQ WKDW SHULRG DQG LQ WKH SUHYLRXV RQH 7KH REWDLQHG VHULHV KDYH WKHQ EHHQ PLOGO\
VPRRWKHGZLWKDQ+3ILOWHUZLWKSDUDPHWHUHTXDOWRLQRUGHUWRUHGXFHWKHLQIOXHQFHRI
VXSSO\VKRFNVDQGRWKHUWUDQVLWRU\VKLIWVLQWKH3KLOOLSVFXUYH7KHUHVXOWLQJWLPHYDU\LQJ
1$,58IRUHDFKRIWKHWKUHHLQGLFDWRUVFKRVHQ WR PHDVXUH LQIODWLRQ DUH SUHVHQWHG LQ
ILJXUHWRJHWKHUZLWKWKHVHULHVRIREVHUYHGXQHPSOR\PHQW
7KH WKUHH 1$,58 LQGLFDWRUV VKRZ D WHQGHQF\ WR IROORZ DFWXDO XQHPSOR\PHQW UDWKHU
FORVHO\WKXVVXJJHVWLQJWKDWWKHULVHLQ(XURSHDQXQHPSOR\PHQWLVPDLQO\H[SODLQHGE\D
ULVHLQ³VWUXFWXUDO´XQHPSOR\PHQW+RZHYHUDVWKH1$,58PHDVXUHVDUHQRWGHULYHGE\
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REVHUYHG￿XQHPSOR\PHQW WUHQG￿XQLW￿ODERXU￿FRVWV FRQVXPSWLRQ￿GHIODWRU *’3￿GHIODWRU
³%UHDN´1$,58
















,Q SUDFWLFH LW LV QRW HDV\ WR GHWHUPLQH WKH H[DFW WLPLQJ RI WKH EUHDNV 7KH H[LVWLQJ
HPSLULFDOOLWHUDWXUHPDLQO\UHOLHVRQWKHDSULRULDVVXPSWLRQRIHTXLGLVWDQWEUHDNVVHHIRU
H[DPSOH6WDLJHUHWDORUPRUHUDUHO\RQVHTXHQWLDOHVWLPDWLRQDOJRULWKPV7KH
PHWKRGDGRSWHGKHUHLVEDVHGRQWKHLPSOHPHQWDWLRQRI *ROGIHOG DQG 4XDQGW 
VZLWFKLQJ UHJUHVVLRQ WHVWLQJ SURFHGXUH
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ZKHUH s ￿ LVWKHHVWLPDWHGVWDQGDUGGHYLDWLRQRIWKHUHVLGXDOVIURPDUHJUHVVLRQRYHUWKHZKROHVDPSOH
SHULRG (&%:RUNLQJ3DSHU1R0DUFK
³%UHDN´ 1$,58 PHDVXUHV KDYH WKHQ EHHQ FRPSXWHG IRU WKH HXUR DUHD DOORZLQJ WKH
LQWHUFHSWLQWKH3KLOOLSVFXUYHWRVZLWFKIURPRQHOHYHOWRDQRWKHUDIWHUWKHEUHDNKDV
RFFXUUHG















GHSHQGHQWYDULDEOH ￿ 5   Q(1) (VH 1$,58VH FRQILGHQFHLQWHUYDO
FRQVXPSWLRQGHIODWRU    
 
*'3GHIODWRU    
 
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VHFRQG HTXDWLRQ GLVWLQJXLVKHV EHWZHHQ PRYHPHQWV LQ ZDJHV DQG SULFHV IRUFLQJ WKH
DSSHDUDQFHRIDSURGXFWLYLW\WHUPT,QWKHWZRHTXDWLRQVWKHYDULDEOH]PD\LQFOXGH
IDFWRUV IDU IURP LUUHOHYDQW ,Q JHQHUDO WHUPV LW FRPSULVHV DOO WKH VXSSO\VLGH IDFWRUV
DIIHFWLQJLQIODWLRQQRWDOUHDG\FDSWXUHGE\FKDQJHVLQXQHPSOR\PHQWSUREDEO\LQFOXGLQJ
EXVLQHVVF\FOH FKDQJHV LQ PDUJLQDO FRVWV %XW RWKHU IDFWRUV PD\ EH LQFOXGHG LQ WKLV
YDULDEOHVXFKDVVSHHGOLPLWHIIHFWVLHILUVWGLIIHUHQFHVRIXQHPSOR\PHQWRULQWKH
SUHVHQFHRIDFUHGLEOHPRQHWDU\SROLF\VWDWLRQDU\LQIODWLRQWDUJHWV9DULDWLRQVRQWKLV(&%:RUNLQJ3DSHU1R0DUFK 
EDVLF IUDPHZRUN LQFOXGH XVLQJ GLYHUVH PHDVXUHV RI LQIODWLRQ GLIIHULQJ GHJUHHV RI
G\QDPLFKRPRJHQHLW\LQLQIODWLRQDQGDOWHUQDWLYHVSHFLILFDWLRQVIRU]
￿￿
() () ( ) W W W W W ] X X / S / $ e g + + - Q - = D ￿ ￿ D
() () () () ( ) W W W W W W W ] X X / T / & S / % Z / $ e g + + - Q - D + D = D ￿ ￿ E
,W LV REYLRXVO\ QHFHVVDU\ WR GLVHQWDQJOH VRPHKRZ WKH YDULDEOH X




































SDUDPHWHUV KDYH UHDFKHG D YDOXH WKDW PD[LPLVHV WKH OLNHOLKRRG 7KLV DSSURDFK ZDV
LQLWLDOO\XVHGLQWKHFRQWH[WRIWKLVH[HUFLVHEXWDVLPSOHUDSSURDFKZDVILQDOO\WDNHQ7KH
PHWKRGLVDGHULYDWLRQRI6WRFN¶VSURSRVDO6WRFNWRGHULYHWKH1$,58IROORZLQJD
WZRVWHS DSSURDFK ,Q WKH ILUVW VWHS DQ RUGLQDU\ OHDVW VTXDUHV UHJUHVVLRQ LV UXQ RQ D
VWDQGDUG3KLOOLSVFXUYHVSHFLILFDWLRQZLWKWKHLQFOXVLRQRIDFRQVWDQWZKLFKJLYHVWKH
DYHUDJH 1$,58 RYHU WKH VDPSOH ,Q D VHFRQG VWHS WKH GHULYHG FRQVWDQW LQ WKH
UHJUHVVLRQ²SOXVWKHUHVLGXDO²LVWDNHQDVLQSXWIRUD.DOPDQILOWHULQZKLFKWKH1$,58
LVDVVXPHGWREHDUDQGRPZDONZKRVHYDULDQFHKDVWREHFKRVHQ7KHSURFHGXUHLV



































EH VLPLODU ZLWK RQO\ RFFDVLRQDO GLIIHUHQFHV 7KH XQGHUO\LQJ HTXDWLRQV ZHUH WKRXJK
VOLJKWO\GLIIHUHQWWKHFRQVXPSWLRQHTXDWLRQKDVDFOHDUHUUROHIRUWKHXQHPSOR\PHQWJDS
VRPHZKDW PXWHG LQ WKH FDVH RI WKH *'3 GHIODWRU HTXDWLRQ 2QO\ RQH ODJ RI WKH
XQHPSOR\PHQW JDS HQWHUV WKH PHDVXUHPHQW HTXDWLRQ DOWKRXJK UHVXOWV ZHUH QRW PXFK
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REVHUYHG￿XQHPSOR\PHQW ￿￿￿￿EDQG 793￿1$,58 ￿￿￿￿EDQG
7KHHVWLPDWHVWHOOPXFKWKHVDPHVWRU\8QHPSOR\PHQWZDVPDUJLQDOO\EHORZWKH1$,58
DWWKHVWDUWRIWKHVHYHQWLHVDIWHUZKLFKERWKUDLVHGEURDGO\LQOLQH,WLVQRWXQWLOWKH
￿￿ %DQGV DURXQG WKH 1$,58 GR QRW V\QWKHVLVH DV\PSWRWLF XQFHUWDLQW\ EHFDXVH RI WKH UDQGRPZDON




SODFH IURP WKH EHJLQQLQJ RI WKH GHFDGH XQWLO²URXJKO\²WKH PLGHLJKWLHV 7KH
XQHPSOR\PHQW JDS VHHPV WR GLVDSSHDU DW WKH WXUQ RI WKH GHFDGH )LQDOO\ WKH
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VLQFH QR H[SOLFLW VWUXFWXUDO DQDO\VLV LV DWWHPSWHG WKHUH LV VRPH JURXQG WR MXVWLI\ DQ
DJJUHJDWHDSSURDFKQDPHO\WKDWLWPD\EHVXIILFLHQWWRPHDVXUHLQIODWLRQGHYHORSPHQWV
1$,58 DQDO\VLV LQ WKH OLWHUDWXUH LV XVHG IRU PDQ\ SXUSRVHV EXW UHJDUGLQJ PRQHWDU\
SROLF\WKHUHDUHWZRZRUWKLVRODWLQJ1$,58DVDQLQGLFDWRURILQIODWLRQDU\SUHVVXUHVDQG (&%:RUNLQJ3DSHU1R0DUFK
1$,58DVDFRPSRQHQWLQWKHGHULYDWLRQRISRWHQWLDORXWSXWDQGWKHRXWSXWJDS$OWKRXJK











7DEOH  FROOHFWV GDWD RQ HUURUV LQ IRUHFDVWLQJ LQIODWLRQ IRU WKH SHULRG 4 WR
4ZLWKPRGHOVHVWLPDWHGXSXQWLOWKHODVWSHULRGEHIRUHHDFKH[HUFLVHZDVFDUULHG
RXW7KHPRGHOVFRPSULVHDQDXWRUHJUHVVLYHPRGHOIRULQIODWLRQZLWKIRXUODJVDQGD







7DEOHRQ WKH RWKHU KDQG JDWKHUV GDWD IURP PRGHOV LQ ZKLFK FXUUHQW DQG ODJJHG
LQIRUPDWLRQLVUHJUHVVHGRQLQIODWLRQQSHULRGVDKHDG,QWKLVFDVHHDFKIRUHFDVWLVDQRQ
UHFXUVLYHRQHEXWHDFKPRGHOKDVDGLIIHUHQWSURMHFWLRQKRUL]RQVHH6WDLJHUHWDO
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3HULRGVDKHDG
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   
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3HULRGVDKHDG
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3HULRGVDKHDG
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   
























































YDULDWLRQV DURXQG WKH PHDQ DQG WKH EUHDN PRGHO O\LQJ VRPHZKHUH LQ EHWZHHQ 7KLV
IHDWXUHLVREYLRXVO\DPHFKDQLFDOFRQVHTXHQFHRIWKHZD\WKHWKUHHPHDVXUHVKDYHEHHQ
GHULYHG 7KHUH LV LQ IDFW D V\VWHPDWLF ELDV LQ DOO RI WKHP WKH RQH FKDUDFWHULVLQJ WKH

















































DQG \LHOG VLPLODU RXWSXW JDS PHDVXUHV ZKLFK GR QRW VLJQLILFDQWO\ FRQWUDVW ZLWK WKH
HYLGHQFHSURYLGHGE\DOWHUQDWLYHPHWKRGRORJLHV&OHDUO\DVDOUHDG\PHQWLRQHGHDFKRI

















WKH LQWURGXFWLRQ ,I WKH FRQFOXVLRQ WKDW WKHUH ZDV D VKLIW LQ WKH HXUR DUHD 1$,58 LV (&%:RUNLQJ3DSHU1R0DUFK
DFFHSWHGWKLVLPSOLHVWKDWWKHUHZDVDJHQHUDOPRYHLQWKLVGLUHFWLRQDOORYHUWKHFRXQWULHV
LQ WKH DUHD RU DW OHDVW LQ WKRVH DFFRXQWLQJ IRU WKH ODUJHVW VKDUH RI DJJUHJDWH
XQHPSOR\PHQW7KHDOWHUQDWLYHYLHZZRXOGEHWKDWRQO\QDWLRQDOXQHPSOR\PHQWUDWHV
PDWWHU EHFDXVH WKH\ DUH EXIIHWHG E\ FRXQWU\VSHFLILF VKRFNV DQG WKDW PRYHPHQWV
REVHUYHG DW WKH DJJUHJDWH OHYHO DUH GHYRLG RI LQIRUPDWLRQ LH UDQGRP 7KLV SDSHU





$SHO 0 DQG 3 -DQVVRQ  ³6\VWHP (VWLPDWHV RI 3RWHQWLDO 2XWSXW DQG WKH
1$,58´6YHULJHV5LNVEDQN:RUNLQJ3DSHU6HULHVQ














&RWH¶ ' DQG ' +RVWODQG  ³0HDVXULQJ 3RWHQWLDO 2XWSXW DQG WKH 1$,58 DV














*ROGIHOG 6 0 DQG 5 ( 4XDQGW  ³7KH (VWLPDWLRQ RI 6WUXFWXUDO 6KLIWV E\
6ZLWFKLQJ5HJUHVVLRQV´$QQDOVRI(FRQRPLFDQG6RFLDO0HDVXUHPHQW (&%:RUNLQJ3DSHU1R0DUFK
*RGIUH\/*DQG0+3HVDUDQ³7HVWVRIQRQQHVWHGUHJUHVVLRQPRGHOV




*RUGRQ 5  ³3ULFH ,QHUWLD DQG 3ROLF\ ,QHIIHFWLYHQHVV LQ WKH 8QLWHV 6WDWHV
´-RXUQDORI3ROLWLFDO(FRQRP\













/D[WRQ ' 0HUHGLWK * DQG ' 5RVH  ³$V\PPHWULF (IIHFWV RI (FRQRPLF



















:DWVRQ 0 :  ³8QLYDULDWH 'HWUHQGLQJ 0HWKRGV ZLWK 6WRFKDVWLF 7UHQGV´
-RXUQDORI0RQHWDU\(FRQRPLFV
























UHOHYDQW YDULDEOHV HQWHU WKURXJK WKH ODJSRO\QRPLDOV $S/ $F/ %F/ DQG %S/
2EYLRXVO\ OHDGV LQ WKH HTXDWLRQV DUH WR EH XQGHUVWRRG DV H[SHFWDWLRQV RI WKH
FRUUHVSRQGLQJYDULDEOHV
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&RUUHVSRQGLQJO\ G\QDPLF KRPRJHQHLW\ KROGV LQ $ LI      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S F % % = LQZKLFKFDVHWKHSUHYLRXVRSHUDWLRQFDQEHUHSHDWHGDQGWKHV\VWHPUH
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2QHLQWHUHVWLQJIHDWXUHRIWKHVHHTXDWLRQVLVWKDWWKHV\VWHPGHVFULEHVWKHEHKDYLRXURI
UHODWLYHSULFHVLQWKHIRUPRISFXSWRVKRUWWHUPGHYHORSPHQWV,QRWKHUZRUGVWKH
V\VWHP HYROYHV PRVW RI WKH WLPH WKURXJK WKH VSDFH VSDQQHG E\ UHODWLYH SULFHV ZLWK
RFFDVLRQDODQGVKRUWODVWLQJGHSDUWXUHV7KHVHGHSDUWXUHVDUHDQLPSRUWDQWHOHPHQWRI
UHGXFHGIRUP3KLOOLSVFXUYHOLNH$3KLOOLSVFXUYHVHPERG\LQJG\QDPLFKRPRJHQHLW\
￿￿ ,QZKLFKFDVHH[SUHVVLRQLQWKHPDLQWH[WDSSOLHV
￿￿ *LYHQDQRQQXOOODJSRO\QRPLDOq/LWVVWDUUHGYHUVLRQq
￿/UHVXOWVIURPDGGLQJDQGVXEWUDFWLQJLWV
ODJJHGORQJUXQYDOXHq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